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© Process for the manufacture of mineral fibre compositions. 



© A process for the production of a glass or other 
mineral fibre composition in which glass or other 
mineral fibre is melted, the molten glass or mineral 
is forced through a plurality of openings to produce 
fibres, the hot fibres are sprayed with a water disper- 
sion of a binder and the fibres are dried at an 
elevated temperature, the binder comprising a 
gelatinised starch sulphamate product and a hy- 
drophobic agent such as a silicone. The gelatinised 
starch sulphamate may be preformed by reacting a 
starch with a sulphamate salt or may be formed in 
situ by spraying onto the hot fibres a water disper- 

^sion of pregelatinised starch and a sulphamate salt. 

^In this latter case part of the pregelatinised starch 

w may be replaced by native starch. 
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Process for the Manufacture of Mineral Fibre Compositions 



The present invention relates to the manufac- 
ture of mineral fibre compositions in particular to 
the manufacture of glass fibre mats used in the 
building construction industry. 

Mats of glass or other mineral fibre are widely 
used in the building construction industry on ac- 
count of their heat and sound insulating properties. 

In a typical process for the manufacture of a 
glass fibre mat the glass, in particulate form, is fed 
from storage into a furnace where it is melted and 
the molten glass at a temperature about 1,000* C 
forced through sieve-like openings usually under 
the influence of jets of high-pressure air which have 
an attenuating effect on the fibres produced. The 
giass threads leaving the openings solidify as a 
large number of fine fibres which are deposited on 
a conveyer as glass wool which subsequently 
passes through a drier where the wool is formed 
into mats which are cut to the desired size on 
leaving the drier. 

In order to make the individual glass fibres 
adhere together to form the mat the fibres are 
treated with a binder. Conventional binders include 
in particular, phenol formaldehyde resins, 
melamine formaldehyde resins and urea formal- 
dehyde resins. The binders are conveniently coat- 
ed on the fibres by spraying the latter with an 
aqueous dispersion of the binder immediately after 
the fibres are formed, the water in the binder 
composition exerting a cooling effect on the fibres. 
Residual water is removed in the drier. 

One problem which is encountered in using the 
formaldehyde based resins described above is the 
release of formaldehyde into the atmosphere when 
the resins are produced on site, and during the 
coating and drying stages of the process. In an 
increasingly environmentally conscious age this 
problem is becoming more and more acute and 
there is therefore every incentive to find a suitable 
and more environmentally acceptable binder re- 
placement. 

In European Patent No. 129227 a flame resis- 
tant starch product is described which is produced 
by reacting a pregelatinised starch with a specified 
sulphamate salt at 40 to 250° C in the presence of 
at least 30% by weight water, based on the total 
weight of the reaction mixture. This product is said 
in the patent to have a wide range of uses ie as a 
component of adhesives and binders for paper, 
cardboard, building materials, insulating materials, 
composite materials, paints, sizing agents, coating 
media, plastics, textiles, glass and mineral fibres 
and moulded bodies of powdery or granulated ma- 
terial. We have confirmed that the starch products 
described in 129227 are suitable as replacements 



for at least part of the formaldehyde resin binder 
presently used in a glass or mineral fibre mat 
production process despite the agressive tempera- 
ture conditions existing in that process. We have 

s found that the starch sulphamate products may be 
preformed or may be formed in situ following the 
application of the binder to the fibre. We have also 
found that to be fully effective the binders made 
from starch sulphamates, whether preformed or 

to formed in situ on the fibre, should also comprise a 
hydrophobic agent. In certain circumstances it ap- 
pears that sulphamates made from degraded 
starches possess advantages in such binder com- 
positions. 

75 Accordingly, the invention comprises a process 
for the production of a glass or other mineral fibre 
composition in which glass or other mineral is 
melted, the molten glass or mineral is forced 
through a plurality of openings to produce fibres, 

20 the hot fibres are sprayed with a water dispersion 
of a binder, and the fibres are dried at an elevated 
temperature, the binder comprising a gelatinised 
starch sulphamate product and a hydrophobic 
agent. 

25 The starch may be a native starch or a deg- 
raded starch eg maize starch, wheat starch or any 
other commercially available starch. It is also possi- 
ble, and in some instances beneficial to use a 
starch which is substituted by a mono-functional 

30 substituent eg by an ester or ether group. 

By "degraded starch" we mean a starch which 
has had its molecular weight reduced by known 
physical or chemical means. For example, the 
starch may be treated with an acid or with an 

35 enzyme or, preferably, it may be oxidised. Deg- 
radation by physical means may be effected by 
submitting the starch to elevated temperature and 
pressure eg at 110 to 180* C and 2 to 12 bar 
pressure either in a converter or extruder. Com- 

40 binations of two or more of these methods of 
degradation may also be used. 

A suitable oxidised starch may be made by 
using a hypochlorite oxidising agent eg. sodium 
hypochlorite and the product preferably has a car- 

45 boxyl content of 0.30% to 0.80%. 

The starch Is preferably degraded to such an 
extent as to give a product with a Brookfield vis- 
cosity of between 10 mPas and 400 mPas prefer- 
ably between 20 mPas and 120 mPas for a 10 

60 weight % solution at 20 *C. Degraded starch sul- 
phamates have a lower viscosity at equal solids 
content than native starch sulphamates and for this 
reason are easier to handle. 

Commercial starch esters are derived from the 
lower fatty acids, eg acetyl or propionyl e.sters 
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while commercially available starch ethers may be 
produced by reacting starch with an olefin oxide, 
particularly with propylene oxide. The substituted 
starch should not be cross-linked by the substitut- 
ing reagent, therefore the reagent should be mon- 
ofunctional with respect to the starch. The acetyl 
starch product is technically effective and because 
it is the cheapest substituted starch to prepare it is 
preferred if a substituted starch is used in the 
process of the invention. The effect of the substitu- 
ent in the starch molecule is to produce a product 
which has a viscosity which is less sensitive to 
temperature changes than the unsubstituted starch. 
The extent of the substitution is preferably such as 
to give a product having a Brookfield viscosity of 
10 to 400 mPas for a 10 weight % solution at 
20 °C. 

The gelatinised starch sulphamate may be pre- 
pared by the process described in European patent 
129 227, ie 3 to 40% by weight sulphamate salt 
based on starch is used in the presence of at least 
about 30% by weight water and the temperature of 
the reaction is 40* to 250* C. As an alternative to 
preforming the starch sulphamate, pregelatinised 
starch or a mixture of pregelatinised and native 
starch may be mixed with a sulphamate salt to 
provide a composition which may be dispersed in 
water for use in the process of the invention. In this 
way reaction with the sulphamate, or gelatinisation 
and reaction with the sulphamate may take place in 
situ on the hot glass fibers and particularly when 
the fibres are dried. 

The sulphamate salt used may be an alkali 
metal salt, an alkaline earth metal salt or the am- 
monium salt of sulphamic acid. Preferably the salt 
is calcium or ammonium sulphamate. The amount 
of sulphamate used is suitably 5 to 35, preferably 
7.5 to 30, more preferably 10 to 25 weight % 
based on the starch. 

The binder also comprises a hydrophobic 
agent which has the aim of making water repellant 
the glass fibres bound with the starch. Although 
any hydrophobic agent may be used which is 
compatible with the ingredients of the binder and 
which does not have an adverse effect on the 
process or on the mineral fibre product we have 
found that in general silicones are the best class of 
hydrophobic agents for use in the process. More 
particularly, the most effective silicones are those 
which comprise functional groups which are reac- 
tive with starch hydroxyl groups especially at tem- 
peratures at which the glass fibre mat is dried ie at 
150* C to 250* C. Typical silicone groups are 
hydroxyl, amino and alkoxy groups. The amount of 
hydrophobic agent which is used in the binder is 
suitably 0.1 to 20, preferably 0.1 to 10 weight % 
based on starch more preferably 0.3 to 5.0 weight 
%. The hydrophobic agent may be included in the 



sulphamate starch/water composition which is 
sprayed onto the fibres but it is also possible for 
the hydrophobic agent to be sprayed onto the fibre 
separately so that it first comes into contact with 
6 the starch and sulphamate on the glass fibre. 

The binder may also contain other ingredients, 
eg. a surface active agent or a softening agent and, 
in particular, a preservative to prevent microbiolog- 
ical attack on the starch binder when the mineral 
10 fibre mats are in service. Di-thiocarbamates are 
useful preservatives for this purpose which may be 
used at 0.5 to 3.0 weight % based on starch. 

From the foregoing description it will be seen 
that in the production of the starch sulphamate 
75 product for use in the process of the invention the 
starch is submitted to two, possibly three, oper- 
ations namely, reaction with a sulphamate salt, 
gelatinisation, and, optionally, degradation. The two 
essential reactions may be carried out successively 
20 or simultaneously, eg. the starch may be gelatinis- 
ed, then reacted with the sulphamate salt to pro- 
vide a colloidal solution or, native starch and the 
sulphamate salt may be introduced into a converter 
and there heated under pressure when simulta- 
25 neous gelatinisation, reaction with the sulphamate 
salt and probably degradation occur to form a 
colloidal solution. Generally, the reaction of the 
sulphamate salt with the pregelatinised starch or 
the simultaneous gelatinisation and reaction with 
30 the sulphamate salt results in the formation of a 
colloidal solution which is the desired form of the 
product for use in the process of the invention. The 
flexibility inherent in the production of the starch 
sulphamate may be used to advantage in chosing 
35 where to produce the starch sulphamate for use in 
the production of the mineral fibre composition. 
Thus, the starch producer may make the colloidal 
solution of the starch sulphamate and supply it as 
such to the producer of the mineral fibre composi- 
te tion. The starch producer may, however, provide a 
slurry of native starch, optionally containing a sul- 
phamate salt and the producer of the mineral fibre 
may produce the colloidal solution eg in a high 
temperature, high pressure converter after adding 
45 sulphamate salt when necessary. 

The water dispersion sprayed onto the fibres 
may be a solution and/or a suspension but is 
preferably a colloidal solution. 

The water dispersion may contain 1 to 20% by 
so weight binder preferably 4 to 12% by weight and 
this may be made up of more than 30%, more 
preferably more than 60% especially 100% of 
starch sulphamate product and hydrophobic agent. 
If the binder is not composed 100% by the latter 
55 combination it may also comprise a conventional 
binder, particularly a phenol formaldehyde, 
melamine formaldehyde or urea formaldehyde res- 
in. Aqueous compositions which may be applied to 
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the glass fibre to form the binder comprise prefer- 
ably, 

(a) native starch sulphamate and a hydro- 
phobic agent; 

(b) pregelatinised native starch, a salt of 
sulphamic acid and a hydrophobic agent; 

(c) native starch, pregelatinised starch, a salt 
of sulphamic acid and a hydrophobic agent; 

(d) composition (a), (b) or (c) in which part or 
all of the starch is degraded. 

Apart from the nature of the binder the con- 
ditions of the fibre composition production process 
are those in conventional use eg. the molten glass 
temperature may be 1000 to 1400* C and the tem- 
perature in the drier 150* to 250° C. The use of 
conventional conditions is one of the advantages of 
the present invention since it enables a change in 
binder to be made with the minimum of disruption 
to the existing process. 

The invention will now be further described 
with reference to the following Examples. The Ex- 
amples describe the preparation of a number of 
different binder compositions which were evaluated 
in a commercial plant manufacturing fibre glass 
mats. The molten glass was held at a temperature 
of 1200*C and when ejected the fibres were cool- 
ed with air and then sprayed with the binder under 
test. The glass wool which was formed from the 
fibres was formed into mats and dried at 140* C. 



Example 1 



Preparation of the oxidised, acetyiated starch 

Maize starch was reacted with sodium hypo- 
chlorite to give an oxidised product having a vis- 
cosity at 20° C of 30 to 50 mPas at a concentration 
of 1 0 weight % dissolved solids. 

The oxidised product was acetyiated with ace- 
tic anhydride to an acetyl value of approximately 
1% acetyl based on the oxidised, acetyl starch. 
The Brookfield viscosity of the 10 weight % dis- 
solved solids aqueous solution was 20 mPas. 

The oxidised, acetyl starch was then mixed 
with 10 weight % based on starch dry substance of 
ammonium sulphamate and the starch gelatinisa- 
tion and reaction with the sulphamate effected at 
70* to 90* C on heated rollers. 

. The reaction product was mixed with water to 
form a colloidal solution having 27.5 weight % dry 
substance, pH value 5.7 and viscosity of 140 mPas 
at 50* C and 360 mPas at 20* C. 

The colloidal solution was further diluted with 
water to a concentration of 8 weight % dry sub- 
stance and the following added : 
1.5 weight % (based on starch) dithiocarbamate 



(preservative) 

3 weight % (based on starch) silicone resin 

0.4 weight % (based on starch) surface active 

agent 

5 6.0 weight % (based on starch) urea softening 
agent. 

This composition was evaluated in the com- 
mercial process producing glass fibre mats and 
proved effective as the total replacement for the 
io customary formaldehyde resin binder, the glass 
fibre mats having the required density and elas- 
ticity. 



re Example 2 

The colloidal solution of the oxidised, acetyl 
starch sulphamate product prepared as in Example 
1 above was blended with an aqueous slurry con- 

20 taining 45 weight % dry substance of corn starch 
(100 parts), ammonium sulphamate (16 parts), sili- 
cone resin (3 parts) and dithiocarbamate (1.5 
parts). Two blends containing respectively 70% 
and 50 weight % by weight oxidised, acetyl starch 

25 sulphamate based on total starch content were 
made up and tested in the commercial process 
referred to in Example 1. Both proved satisfactory 
as the total replacement for the customary formal- 
dehyde resin binder. 

30 

Example 3 

Native maize starch was mixed with 10 weight 

as % ammonium sulphamate based on starch dry 
substance and 60 weight % water and heated on 
rollers at 70* to90*C. 

The reaction product was mixed with water to 
give a colloidal solution having 20 weight % dry 

40 substance and a viscosity of 140 mPas at 50 *C 
and 360 rnPas at 20 °C. 

The colloidal solution was diluted with water to 
a concentration of 8 weight % dry substance and 3 
weight % (based on starch) of a silicone, SITREN 

45 534 added ("SITREN" is a trademark and SITREN 
534 is a 50% aqueous emulsion of a silicone 
derived from dimethyldichlorosilane containing NHz 
and OC 2 H 5 functional groups). A dithiocarbamate, 
1.5 weight %, (based on starch) was also added 

50 and the resulting composition was evaluated as the 
sole binder in the production process described 
above. The glass fibre mat produced was very 
satisfactory with respect to the relevant properties 
of density and elasticity. 

55 

Example 4 
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Example 3 was repeated replacing SITREN 
534 by SITREN 447 (a 50% aqueous silicone 
emulsion derived from dimethyldichlorosilane and 
containing OH functional groups). The glass fibre 
mat which was produced was equivalent in prop- 
erties to that produced in Example 3. 



Example 5 

Pregelatinised starch was mixed with water to 
give a 10 weight % colloidal solution to which was 
added 12 weight % ammonium sulphamate (based 
on dry substance). The colloidal solution was fur- 
ther diluted with water to a concentration of 6 
weight % dry substance and 3 weight % (based on 
starch) SITREN 534 and 1.5 weight % (based on 
starch) dithiocarbamate added. The composition 
was evaluated as described above, the glass fibre 
mat which was produced meeting the critical den- 
sity and elasticity requirements. Similar satisfactory 
results were obtained when 30 weight % of the 
pregelatinised starch was replaced in the formula- 
tion by granular native starch. 



Example 6 

Native maize starch was mixed with 10 weight 
% ammonium sulphamate and the resulting solid 
composition heated with 70 weight % water in a 
cooker at 120*C to produce a colloidal solution 
which was subsequently diluted to 8% dry sub- 
stance and, after the addition of 3 weight % (based 
on starch) SITREN 447 and 1,5 weight % (based 
on starch) dithiocarbamate, successfully evaluated 
in the glass fibre mat production process. 



Claims 

1. A process for the production of a glass or 
other mineral fibre composition in which glass or 
other mineral is melted, the molten glass or mineral 
is forced through a plurality of openings to produce 
fibres, the hot fibres are sprayed with a water 
dispersion of a binder and the fibres are dried at an 
elevated temperature, the binder comprising a 
gelatinised starch sulphamate product and a hy- 
drophobic agent 

2. A process according to claim 1 in which the 
starch is a native starch or a degraded starch. 

3. A process according to claim 2 charac- 
terised in that the starch has been degraded by 
acid, by an enzyme, by oxidation or by heating to 
an elevated temperature and pressure. 

4. A process according to claim 2 or claim 3 
characterised in that the starch is degraded to give 



a product having a Brookfield viscosity between 10 
mPas and 400 mPas preferably 20 mPas and 120 
mPas for a 10% by weight solution at 20* C. 

5. A process according to any one of the 
5 preceding claims characterised in that the starch is 

substituted by a monofunctional substituent particu- 
larly by an ester or ether group. 

6. A process according to any one of the 
preceding claims characterised in that the hydro- 

10 phobic agent is a silicone. 

7. A process according to claim 6 charac- 
terised in that the silicone contains functional 
groups which are reactive with starch hydroxyl 
groups at the temperature at which the glass fibre 

15 mat is dried. 

8. A process according to claim 7 charac- 
terised in that the functional groups are hydroxyl, 
amino and/or alkoxy groups. 

9. A process according to any one of the 
20 preceding claims characterised in that the binder 

comprises a microbiological preservative. 

10. A process according to any one of the 
preceding claims characterised in that the binder 
comprises 0.1 to 10 weight % hydrophobic agent, 

25 and 0.5 to 3.0 weight % preservative based on 
starch. 

11. A process according to any one of the 
preceding claims characterised in that the water 
dispersion comprises 1 to 20% by weight of bind- 

30 er, preferably 4 to 12 % by weight. 

12. A process according to any one of the 
preceding claims characterised in that a composi- 
tion to be applied to the glass fibre to form the 
binder comprises 

35 (a) native starch sulphamate with a hydro- 

phobic agent and microbiological preservative 

(b) pregelatinised native starch, a salt of 
sulphamic acid and a hydrophobic agent and 
microbiological preservative. 

40 (c) native starch, pregelatinised starch, a salt 

of sulphamic acid and a hydrophobic agent and 
microbiological preservative, or 

(d) the composition (a), (b) or (c) in which 
part or ail of the starch is degraded. 

45 
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